[ 93 1 



XIV. An Inquiry into the Quantity and J)i~ 
reSiion of the proper Motion of Arfturus ; 
with fome Remarks on the Diminution of 
the Obliquity of the Ecliptic : By Tho- 
mas Hornfby, M. A. Savilian Profejfor of 
Ajlronomy in the Univerfty of Oxford* 
and F. R. & 



Road Dec. 24, \ S an accurate knowledge of the 
1772 ' / \ pofition of the fixed Jiars is of the 
greateft importance, being the bafis and foundation 
of aftronomy, it is no wonder that the aftronomers 
of different nations have given great attention to this 
matter. By comparing antient with the beft modem 
obfervations, it appears that fome of the fixed ftars 
have a proper motion, independent of any motion 
hitherto known in our own fyftem -, or that, in other 
words, the angular diflances of the fixed Jlars have 
not always continued the fame f and in fome of them 
the alteration is fo very confiderable as to be eafily 
perceived in the courfe of a few years, with inftru- 
ments accurately made, and nicely adjufted. Of all 
the ftars vifible in our hemifphere, the variation in 
the place of ArBurus is the mojl remarkable, and 
fuch as cannot poffibly be attributed to the uncertain- 
ty of obfervation* It has accordingly been taken no- 
6 ttee 
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tke of by many aftronomers : in particular, Dr. Hal- 
fey mentions it in N° 355 of the Philofophical Trans- 
actions : Mr. CaJJini, in the Memoirs of the Aca- 
demy of Sciences for 1738, p. 231, has fhewn, that 
there is a variation of Jive minutes in the latitude of 
that ftar between his own time and that of Tycho, 
in an interval of a century and a half: and M. le 
Monnier^ in the Memoirs of the Academy of Sciences 
for 1767, p. 417, proves, that the latitude of Ardlurus 
varies at the rate of two feconds every year y and that 
the longitude decreafes at the rate of 60" in a hun- 
dred years *. But as an inquiry as well into the true 
quantity as into the direSlion of this motion has not 
hitherto been made public, I propofe to give fome 
account of my own obiervations made exprefsly with 
this view in the years 1767 and 1768, withatranfit 
inflrument of 44 inches, and a moveable mural qua- 
drant of 33 inches, both conftru&ed by Mr. Bird, 
and of the conclufions refulting from a comparison 
between them and fome obfervations made by Mr, 
Flamfteedin 1690. 

It may perhaps be obje&ed, that the differences of 
right afcenlion, as determined by Mr. Flamfteed's 
mural inflrument, are not to be depended upon from 
the very nature of his inftrument. Mr. Flamfteed 
was himfelf too good an obferver not to be aware of 
this ; and accordingly in the Prolegomena to the 
third volume of the Hijioria Ccelejiis^ p. 132, he in- 
forms us in what manner he determined the error of 

* See alfo the Memoirs of the Academy of Sciences for 
1769, p. 21, See alfo Aftronomiae Fundamenta, by the Abbe 
delaCaille; who, in reducing his obfervations of Arcturus, 
fuppofes the annual motion of declination in that ftar izic/'jO. 
p. 169, and 187. 

the 
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the plane at different diftances from the zenith. By 
diftributing thefe errors in the beft manner I could, 
I am of opinion, that the error of the plane of his in- 
ftrument may be fuppofed to decreafe uniformly at 
the rate of half a fecond in time for every degree of 
zenith diftance from 28° to 6o°, the error being 39" 
at the former, and 23^ at the latter, by which quan- 
tity ftarspafled the horary wire, in his inftrument, before 
they came to the true meridian. It fhould feem alfo 
that the error continued nearly the fame from 60 to 
75 degrees, being at the latter only 22" : but that 
it decreafed irregularly from yf to 85 , viz. i^in 
time for each degree from 75 to 8o°, and o",4 for 
each degree from 8o° to 85 degrees. The mural arc 
was fixed upon a ftone pier, the fouthern part of 
which was found to fettle yearly, from whence the 
error of the line of collimation to the fouth neceffa- 
rily became every fucceffive year greater and greater. 
As Mr. Flamfteed feems not to have had anv method 
of adjufting his inftrument by a plumb-line, thefe er- 
rors muft have been irregular at different feafons of 
the facv»e year, and were perhaps never truly deter- 
mined. But as the obfervations here referred to were 
made on the fame day, and within the compafs of 
an hour, they are probably not affe&ed with this lat- 
ter error. We are at prefent concerned with the dif- 
ference of two zenith diftances, and riot with the ab- 
folute quantity of thofe zenith diftances. The con- 
clufions may indeed be affedled with an error in the 
divifions ; and from the examination which I 
have been able to make, I am of opinion that the 
arc of Mr. Flamfteed's inftrument was not of the 
proper quantity 5 and that, though the obfervations 

generally 
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generally erred in defed, they in fome parts erred 
in excefs. 

On the 14th of February, 1690, Mr. Flamfteed 
obferved, that a fmali ftar, of the feventh or eighth 
magnitude, whofe place is not determined in the 
Britifh catalogue, and which ftar was named by him 
Infra ArSlurutn, preceded Ar&urus three feconds in 
time, or 3^,3, when an allowance is made for the 
error of the plane of the inftrument— o / 42", 6, and 
was 26' 30" to the fouth of Ar&urus *. By a mean 
of eight obfervations made at Oxford, on and pear 
June the ioth, 1767, with the tranfit inftrument, 
and with a refra&ing telefcope of eight feet, furnifh- 
ed with a micrometer; the difference of right afcen- 
lion was 1', WrfS of a degree, the ftar following 
Ar&urus ; and by a mean of three obfervations, 
the extremes differing only 3", the fmall ftar was 
2 3' 55">° t0 the fouth of Ardturus. 

The right afcenfion of Ardturus and the fmall ftar 
being nearly the fame, the change in declination 
ought; to be fo likewife. But, from the obferved 
difference in declination, the right afcenfion of the 
two ftars muft vary unequally, though with a very 
fmall difference* Accordingly it appears from com- 
putation (in which the annual preceffion is fuppofed 
— 50", 3 5, the obliquity of the ecliptic at the mid- 
dle of the interval of the time rz: 23 %% f 30", 
and the right afcerifions and declinations of the two 
ftars taken at a mean between the times of obferva- 
tion) that the variation of Ar&urus in right afcenfion 
was 3270^,6, and of the fmall ftar 3277^,6 in 

* This is the only ©bfervation of that flar made by Mt. 
Flamfteed. 

77,18 
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Jj>2%j years. Therefore the right afcenfion of Ar&u- 
rus alters lefs than that of the ftar; and confe- 
quently Anfturus ftiould in 1767 have followed the 
ftar by 4V, 6. Bat the ftar was obferved to follow 
Ar&urus by i / 8^75. The right afcenfion there- 
fore of Ar&urus has increafed lefs than that of the 
ftar, or Ardhirushas moved weftward i' 51 ",3 5 in 
77,287 years; and has gone fouthward 2' 35" in 
the fame time, fuppofing the fmall ftar not to have 
moved, which is highly probable. 

On the fame day the difference of right afcenfion 
in time between the ftar « Bootis and Ar&urus was 

* 

21' 32" of mean folar time,= 5 24/ 02^,2, when a 
proper allowance is made for the going of the clock, 
and for the error of the plane of the inftrument ; 
and the difference of declination was 50' 45 // >6, 
when an allowance is made for refradtion. On the 
24th, a6th, and 29th of May, and the 9th of June, 
of the year 1768, I determined the difference in 
right afcenfion to be 21' 27" of fidereal time by the 
two former obfervations, and 21' 261" by the two 
latter, the difference in declination being 49' 48^,7, 
by a mean of the obfervations in May, the extremes 
differing only four feconds. It appears from compu- 
tation, that between the times of obfervation the va- 
riation of 17 Bootis in right afcenfion was 3371^7* 
and i4i7 // ,3, in declination; of Anfturus 33ii // >7 
in right afcenfion, and 1347^,9 in declination : The 
difference of variation in right afcenfion is i' o", 
and of declination i / 9^,4 5 by the former the dif- 
ference in right afcenfion was diminifhed, and in de- 
clination increafed by the latter, agreeably to the places 
of the two ftars. The difference in right afcenfion 
Vol. LXIII. O there- 
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therefore in 1 768, if neither of the ftars had moved, 
fhould have been =: 5 23' 02",2, and 51' $$" in 
declination; but they were obferved to be 5 21' 
43",4, and 49' 48^,7. Ar&urus therefore by this 
obfervation has in 78,257 years gone i' 18", 8 to the 
weft, and 2 ; 06", 3 to the fouth, fuppofing q Bootis not 
to have any proper motion* 

On the 5th of April, 1 69 1 , the difference in right 
afcenfion between ^ Bootis and Ar&urus was 
21' 33" of mean folar time, =5° 24' i4 // ,o; and 
the difference of declination 50' 45^,6, as in the 
preceding example. The difference of variation in 
right afcenfion is 59", I > and in declination i' 8 '',4. 
The difference of right afcenfion therefore at the lat- 
ter end of May, i768,fhould have been 5 23' X4",9, 
and 5i / 54^,0 in declination \ but, according to 
obfervation, they were 5 21' 43^4, and 49' 48^,7. 
Ar&urus therefore, according to this obfervation, has. 
moved i' 31 ",5 to the weft, and 2' 05^,3 to the 
fouth in 77,120 years. 

On the 4th of May, 1691, the difference of right 
afcenfion between % Bootis and Arfturus was zx'^* 
of mean folar time, = 5 24' 14^,3 when allow- 
ance is made for the going of the clock and the er- 
ror of the plane of the inftrument, and the difference 
of declination on the 3d of May = 50' 5o",6* 
According to computation, thofe differences fhould 
have been 5 23' l^'yZ and $i' 59^,0 refpeft- 
ivelyj but they were obferved to be 5 2i / 43",4» 
and 49 / 48",7. Ardurus therefore in 77,071 years 
has moved i' 31", 8 weftward, and 2' io /7 ,3 
fouth ward. N* B. The zenith- diftance of Ardturus, 

as 
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as determined by Mr. Flamfteed, on the 4th of May, 
h manifeftly erroneous. 

On the 27th of May, 1692, y Bootis preceded 
Arfttrrus in right afeenfion by 21' 32^,5 of mean 
folar time, = 5° 24' io",i, the difference of decli- 
nation being 50' 50", 6.. In 75,978 years the 
difference of right afeenfion fhould have been 
5 23' ii",& and 51' 58^,0 in declination; but 
thofe differences were obferved to be 5 21' 43^,4 
and49 / 48 / %7. A r&urus therefore has moved i'28"^ 
weft ward, and z f 09^,3 fouthward. 

On the 27th of May, 1692, Ar&urus preceded 
9r Bootis hi right afeenfion by 24' 35")$ of mean 
folar time, = 6 ? 9' %' z '\'*> when an allowance is 
made for the going of the clock and the error of the 
plane of the inftrument, the difference of declination 
being 3 2' 28^,9. On the 24th and 26th of May, 
and 5th of June, 1768, the difference of right afeen- 
fion between the fame ftars obferved at Oxford was 
24' 44 // >58 of fidereal time, —6° ii* g ff 9 i 9 the 
difference of declination being 2*58' 24 ',2. In 
1768, the difference of right afeenfion fhould have 
been 2 f ' 9 y greater, = 6° 9' 34^,9 ; and the differ- 
ence of declination i' 31 ",7 lefs, rr 3 o f 5 7", 2. 
Bat they were obferved to be 6°n / 9^1, and 
% 9 58' 24*',a. Ardturus therefore in 7-5,978 years 
has, by a comparifon with this ftar, moved i f 3 4", 2 
weft ward, and 2/ 33^,0 fouthward. 

Again, the difference of declination between Arc- 
turufc and #• Bootis was obferved to be 3 % f 3 3 ",9 
on the 14th of February, ^1690, when the difference 
of right afcenfion between thefe two ftars was not 
obferved by Mr. Flamfteed. It appears by compu- 

O 2 ration, 
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tation, that the difference of variation in declination 
between the times of obfervation was i f 34^5, by 
which quantity the difference of declination was di- 
minifhed, and fhould therefore in 1768 have been 
3 o' S9 // ?4* But it was z° c8 / 24^,2 by a&ual 
obfervation. Ardurus therefore by This obfervation 
has moved fouthward z f 35 ;/ ,2 in 78,255 years. 

By the foregoing comparifons Ardturus appears to 
have moved as in the following table. 



Weftwd. Southwd, 



years. 

By thefmall ftar Feb. 14, 1690,111 77,237 
fi Bodtis Feb. 14, 1690, in 78,257 
« Bootis Apr. 5, 1691, 1077,120 
»? Bootis May 4, 1691, 11177,071 
* Bootis May 27, 1692, in 75,978 

By w Bootis May 27, 1692, 11175,978 
v Bootis Feb. 14, 1690, 1078,257 



/ It 


/ // 


1 5*>3S 
1 18,8 

1 28,4 
1 34,2 
not obf, 


2 35 3 o 
2 6,3 

2 5>3 
2 10,3 

2 9>3 
2 33> Q 
2 35> 2 



As the quantity of the motion of Ar&urus fouth- 
ward in declination, as deduced from a comparifon 
with , Bootis, differs confiderably from the quanti- 
ties g?ven by the finall ftar and /Bootis, which agree 
very nearly together, I have compared % Bootis with 
fome of the neighbouring ftars, as that ftar, though 
of the third magnitude only, may have a fmall motion 
of its own. 

On the 14th of February 1690, the difference of 
declination between y and & Bootis was obferved by 
Mr. Flamfteed to be = 2 , 1/ 47^,8. By compu- 
tation, that difference in 1768 fhould have been 

2 ' 43 ;/ >9 te£ $ > = 2 ° 9' 3">9 : but it was actually 

obferved 
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obferved to be 2° 8 ; 34^3 only. The ftar y Bootis 
therefore appears by this companion to have moved 
fouthward 29 ^6 in 78,257 years. 

On the 27th of May, 1692, ^Bootis was obferved 
by Mr. Flamfteed to be 2° 1 1' 37^,8 to the north of 
7T Bootis, which quantity fliould by computation be 
z f 39 // ,i lefs in 1768, or 2 8' 58", 7. But it was 
found to be 2 8 7 34 // ,3« The ftar y therefore ap- 
pears to have moved fouthward o' 24^,4 in 75,978 
years. 

On the 25th of April, 1 693, q Bootis was obferved 
to be 40' 20", 8 to the fouth of f Bootis, a ftar of 
the 6th magnitude $ and by myfelf that difference 
was obferved to be 42' 37"$ 5> by taking the mean 
of two obfervations on the 24th and 26th of May, 
1768, differing only 4", 7. According to computa- 
tion, the variation of ^ Bootis in declination during the 
interval of the two obfervations was i359 // ,3» and 
of/ Bootis 1 256^,0 ; and therefore the difference of 
variation in declination was V 43^,3, by which the 
diftance of the ftars was increafed. The difference 
in declination therefore in 1768, if neither of the 
ftars moved, fliould have been o° 42' 04", 1 5 but it 
was obferved to be 33^,4 greater, by which quantity 
therefore q Bootis muft have moved fouthward in 
75,052 years. 

By reducing all the foregoing deduftions to 78 
years, Arfturus appears to have moved, 



Wcftw. 
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Weftw. Southw, 



i 



By the fmall Star, Feb. 14, 1690 
Hi Bootis Feb. 14, 1690 
y Bootis Apr. 5, 169 1 x 
7i Bootis May 4, 1691 
17 Bootis May 27, 1692J1 
By 7T Bootis May 27, 169 



52,380 
18,541 

3M57 
32,906 

3°>75 2 
36,707 

7T Bootis Feb. 14, i69ojnot obferv. 

But the Star q Bootis appears alfo to have 
Southward. 



2 
2 
2 

2 
2 
2 
2 



3 6 >43 
5>88 

6 >75 
11,87 

12,74 

37>°7 
34.69 

moved 



By 7T Bootis 

v Bootis 

By /Bootis 

By a mean 



Feb, 14, 1690 
May 27, 1692 
Apr. 5, 1693 



/ // 

o 29,503 

o 25,049 

o 34712 



IPM 



29,755 



.As Ardturus appears to have moved fouthward of 
y Bootis 2' 9 // ,3T, by taking a mean of the four 
quantities resulting from the companions with that 
ftar ; and as y Bootis has alfo moved fouthward of 
fome of the neighbouring fmall ftars by 29", 75 5 in 
the fame time, Ardurus upon the whole has moved 
2 f 39^06 to the fouth, by the comparifons with 
^ Bootis only ; and therefore, by taking a mean of 
all the refults, Ardurus has altered its right afcen- 
fion lefs than the neighbouring fears by i' 33^97 in 
78 years, in which time it has alfo moved z f 3 6 // ,-8 1 
to the fouth of the fame ftars. 

In order to fee how far the motion of right afcen- 
fion is to be depended upon, which is deduced from 
the above comparifons, I have feledted and com- 
puted the following obfervutions, made at Shirburn 

caltle 
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caftle with a tranfit inftrument of 5 J feet, placed 
exa&ly in the plane of the meridian, and confe- 
quently more to be relied upon than thofe made 
with a mwral inftrument. 

By a mean of five obfervations, made on the 7th, 
12th, 23d, 24th, and 31ft of May, 1741, O. S. 
the difference in right afcenfion between y Bootis and 
Ar&urus was 5 22' 3 8", 9, the extremes differing 
only 4",4 of a degree. The difference in the vari- 
ation of right afcenfion to the end of May, 1768, is 
2o",5, by which the afcenfional difference is dimi- 
nifhed. It fliould therefore have been 5 22' iS"^ 
but it was obferved to be 5 21' 43^,4. Therefore 
in 27 years Ar&urus has moved weftward 35",o. 

On the 1 6th and 20th of May, 1744, the differ- 
ence in right afcenfion between *? Bootis and Arftu- 
rus was 5 22' 30^,0 by each of the obfervations, 
which difference fhould have been, fuppofing neither 
of the ftars to have any proper motion, 5 22' 1 i'\j 
in May, 1768. But it was found to be 28^,3 lefs ; 
by fo much therefore had Ar&urus moved weftward 
in 24 years. 

On the 24th of May, and 8th of June, 1746, the 
difference in right afcenfion between the fame ftars 
was 5 22' 26 /, ,2, by taking a mean of the two 
obfervations ; that difference fhould have been 
5 22' 09^,5 in 1768. But it was obferved 
= 5° 21' 43^,4- Ar&urus therefore in 22 years has 
moved 26", 1 to the weft. 

Laftly -, on the 16th of April, and 27th and 28 th 
of May, 1747, the difference in right afcenfion be- 
tween * Bootis and Ar&urus, by taking a mean of 
the three obfervations, was 5 22' 2$",o. By com- 
putation 
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putation the variation in the difference of right af- 
cenfion was 1 6 // ,o, by which the afcenfional differ- 
ence fhouldhave been diminished, and — 5°22 / 09" 9 o. 
But by obfervation it was found == 5 2 1 / 43^4 : 
Ar&urus therefore by this laft obfervation appears to 
have gone 25,6/' weft ward. 

By the observations therefore at Shirburn Caftle 
Ar&urus appears to have gone weft ward as in the 
following table ; in the laft column of which are 
contained the quantities refuiting from the obferva- 
tions of each year, reduced to 78 years. 



// 



1 741 

1744 
1746 

'747 



o 
o 
o 
o 



35>° 
28,3 

26,1 

25,6 

Mean 



// 
41,11 

3 l 97 

3 2 >59 
34,90 

3S> 14 
ons, when reduced 



The mean of all the obfervat 
to an interval of 78 years, is i' 35", 141 which dif- 
fers only 1 ",17 from the mean of the other com- 
panions. 

As then the proper motions of Ar&urus weft ward 

in right afccnfion — 1 ' 33",974> and 2 ' 3 6 "> 8 1 in de ~ 
clination fouthward, feem well eftablifhed, the real 
motion of Ar&urus is inclined in an angle of 30 56' 
to the weft of the meridian or horary circle, and to be 
in that dire&ion 3' 2",8i in 78 years, or at the 
rate of 2^,343 in a year. As this dire&ion of its 
motion is nearly perpendicular to the plane of the 
ecliptic, the latitude of Ardturus muft diminish yearly 
almoft in the fame proportion 5 and its longitude will 
alter lefs than that of other ftars, though not fo con- 

fiderably as its right afccnfion. 

The 
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The proper motion of Arduous then, in right 
afcenfion Weftward, being i f/ 9 20$ f and in decline- - 
tion a'^ooj, its annual precefilon in right afcenfion 
is 4i // ,io8, and in declination 19^133 i a**d the 
true right afcenfion of Ar&arus, on Jan. 1, 1773* 
is 211 19' 47 // ,4> and declination North 

20° 2% f 23^3. 

As none of the other principal ftars have been 
found to have a motion £b confiderable as this, 
though many of the ftars of the firft magnitude, as 
for inftance, Sirius, Procyon, a Aquite, u Orionis, 
as alfo jQ Aquilae of inferior magnitude, do really 
vary their pofitions (and perhaps all of the firft order 
will hereafter be found to have a proper motion), we 
may, I think, fairly conclude that Arfturas is the 
neareft ftar to our fyftem, vifible in this hemifphere* 
If therefore the annual parallax of the fixed ftars can 
ever be discovered, that is, if the diameter of the 
annual orbit bear a fenfible proportion to the diftance 
of the neareft fixed ftar, it is moft likely to be dif*- 
covered from the obfervations of Ar&urus* The 
fyftem of the world, confidered in an enlarged fenfe, 
and agreeable to the idea we may entertain of an all- 
powerful benevolent Creator, may be taken to oc* 
cupy the whole-abyfs of fpace, and to confift of am 
affemblage of bodies, having different magnitudes, 
and emitting various degrees and modifications of 
light. The apparent change of fituation vifible from 
the planet which we inhabit, and which revolves round 
one of the great bodies conftituting a part of the ge~ 
neral fyftem, as a center, may be owing either to 
the motion of our own fyftem in abfolute fpace, or* 
if our fyftem fliould be at reft, to a real motion in 

Vol. LXIIL P the 
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the ftars themfelves: from whence the angular 
diftances of the ftars muft vary in proportion to the 
velocity of thofe motions, or to the dire&ion of thofe 
motions with refpe& to ourfelves. I have reafon, 
at prefent, to believe that a fmali motion may be 
difcovered in the ftar o Ceti, and perhaps in other 
ftars that vary in degrees of brightnefs, which the 
diligence of future aftronomers will difcover, and 
perhaps in lefs time than at firft fight might feem ne- 
ceffary, when we confider the feveral improvements 
which have of late been made in the methods of ob- 
ferving the heavenly bodies* 

As the motion of Ardturus in declination (the 
quantity of which we have thus endeavoured to as- 
certain) has been often acknowledged, it is matter 
of wonder that fome aftronomers, by comparing 
either the altitude or zenith diftance of the Sun's limb 
with Ardturus, without previoufly fettling the quantity 
of that ftar's motion in declination, or at leaft doing 
it indirectly, fhould endeavour to determine whe- 
ther the obliquity of the ecliptic hath remained con- 
ftant, or ftili continues to diminifh, as it (hould feen^ 
to have done for many centuries paft,from the obferva- 
tions of fucceffive aftronomers. Mr. Caffini, and 
Mr. le Monnier, have both pradiifed this method, 
and are of opinion, that the obliquity of the ecliptic 
hath not altered ; or, if it hath altered, that the 
quantity of its alteration is not near fo confiderable 
as hath been imagined by fome celebrated aftrono- 
mers. By obferving for feveral days before and after 
the folftice the altitude or zenith diftance of the 
Sun's limb, and that of a ftar fituated near the fame 
parallel, the differences to be remarked in procefs of 

time: 



[ io 7 ] 

time in the diftances of the Sun from that fta* (the 
motion of the ftar in declination being allowed for 
during that interval of time)* will he the quantity 
by which the Sun will have approached to or have 
receded from the ftar. If the ftar were absolutely a 
fixed point, and the obfervations fufficiently nu- 
merous, that, by taking a mean, the neceffary and 
unavoidable errors in obfervation might either be 
confiderably diminished or almoft annihilated, the 
method might be pra&ifed to great advantage. But 
as the ftar (Ar&urus) had a proper motion, and its 
apparent place was continually varying from the effeft 
of the nutation of the earth's axis ; as the limb of 
the Sun was fometimes approaching to, and fome- 
times receding from, the ftar, by a kind of libratory 
motion from the effe<5t of the nutation $ alfo and a$ 
the obliquity of the ecliptic itfelf was, in all proba- 
bility, continually diminishing ; from a combination 
and as it were involution of thefe motions no cer- 
tain conclufion could be drawn, fince, in the fpace of 
a few years, the apparent obliquity may be the fame, 
and yet the mean obliquity may have diminifhed, 
or perhaps, in the fpace of a few years, the obliquity 
may appear to have increafed, when it may really 
have become lefs. Whereas, by reducing the ob- 
fervations to their mean pofition, and by affigning to 
each known caufe its proper and allowed effe&, a 
regularity and uniformity muft neceflarily take place, 
as far at leaft as is confident with the unavoidable 
errors in obferving. 

Mr. Caffini v in the Memoirs of the Academy of 
Sciences for 1767, acquaints us, that, in 1748, the 
apparent diftanee of Ardturus from the upper limb 

P 2 of 
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©f the Sun, at the time of the foiftice, was the fame 
as in 1766. 

In 174&. Diftance of Arduous froml > 

the folftitial limb of the Sun J 3 *3 3° 4<> 

Altitude of Ar&urus . . . ♦ 61 41 17 o 

Therefore the apparent folftitian, 

altitude . .... . . S 64 5S *3 4° 

In 1766. Diftance of Ar&urus from! 

the folftitial limb of the Sun J 3 l 9 & ° 

Altitude of Ar&urus . . . • 61 35 42 o 

Therefore the apparent folftitial 1 

slMfnrl* ./.... (M 55 '4 o 



« j 



The fame aftronomer has, in the Memoirs for 1759, 
P* 3 2 5> communicated the following conclufions. 



1763. 
June 14. 

July 1. 
3- 



Dift. of the flar 
from €>'s limb. 



q / // 

3 7 29 

3 io 16 

3 l 5 4° 
2 59 l 

2 54 55 
z 50 18 



Reduflion. 



/ // 

-+• 8 '3 

«■ *3 3 3 
-f- 28 8 

Mean 



Solftitial -diftance*. 



Q 

3 

3 

3 

3 

3 



18 30 
18 29 
18 28 
18 23 

1 8 28 



3 18 26 

- 

3 l ® 27 



Mr. le Mbnnier, in the Memoirs for 1762, p. 269* 
has publiflied the following diftances of Ar£turus 
from the limb of the Sun, reduced to the folftitial 
point, with a view to obtain differences in the appa- 
rent obliquity of the ecliptic : and, from the obler- 

vations 
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vations made with the gnomon of St. Sulpice, and 
communicated by Mr. le Monnier, in the fame vo- 
lume, it (hould feem that that aftronomer is of opi- 
nion, that the obliquity of the ecliptic hath no other 
variation than what the nutation of the earth's axis 
will occafion j and that therefore we muft either 
abandon the jibfolute diminution of the ecliptic, or 
at leaft fuppofe it extremely fmall, fince, in the fpace 
of eighteen years* it hath not produced a fenfible 
alteration. 

© / // 
1738. 3 10 15 

1740, 3 11 5 

1742. 3 11 48 

ftNMOMMH«MMMMB«p«aiM«liMM«MMM|Mtt 

1763. 3 18 40 with the mural quadrant of 5 feef, 
3 * 8 35 w **k tks ' ar S e mura l instrument. 

As the refult of the obfer vations only, and not the 
obfervations themfelves, are communicated, I have 
only to obferve, that there is a very confiderable dif- 
ference between the conclufions of the two aftrono- 
mers for the fame year 1763, and, at the fame time, 
to declare my fufpicion, that if the apparent (for fuch 
I apprehend them td be) were reduced to the mean 
diftances, they would probably afford a confirmation 
of the diminution of the ecliptic. For the following 
obfervations of the Sun's zenith diftance, made at 
Shirburn Caftle, near the fummer folftices of the 
years 1743, 1746, 1748^ and 1766, and of Ardtu- 
ras in the years 3743, 1746, and 1766, when re- 
duced to their mean itate at the folftice, do not con- 
firm the ailertion of Mr. Cafllni, but are an evident 

and 
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and abfolute proof that the obliquity of the ecliptic 
has fenfibly diminished during an interval of 23, and 
even of 1 8 years. 

The obfervations of 1 743 were made with a mu- 
ral quadrant of five French feet, conftru&ed by the 
late Mr. Siflbn : but as the linear divifions were 
found to be fomewhat lefs accurate than was 
expe&ed, and as the body of the quadrant was not 
framed with proper ftrength and folidity, Mr. Bird 
was employed in the fummer of the year 1745, by 
the Earl of Macclesfield, (the body of the inftrument 
having been ftrengthened by fcrewing a large and 
broad plate of brafs upon the crofs-bars), to put a fet of 
points upon the limb between the 90 and 96 arches 
of linear divifions. By thefe operations the line of 
collimation was found to have varied, and to be 
r= 6^,3, by which the zenith diftances were given 
too fmall, by the pofitive divifions, from the end of 
1746 to the end of June 1751, when Mr. Bird hi- 
feded the fpaces between the points which he had 
formerly added in 1745. But after the year 1751, 
the error of the line of collimation was = 2 // ,6, as 
appears from obfervations of y Perfei, /3 and y Dra- 
conis, by which the zenith diftances are alfo given 
too fmall j and in that ftate the inftrument continued 
to the year 1 767, when a new fet of wires was put 
into the telefcope, and the line of collimation thereby 
altered. The error of the line of collimation from 
1743 to 1745 cannot direftly be afcertained, for 
want of zenith obfervations ; but, from fome indirect 
methods, it ftiould feem that the error was as nearly 
as poffible = 2", to be added to the obferved zenith 
diftances, 

1743- 
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III 



] 





- 


Obferved zenith 


Baro- 1 


Thermp-1 


Refrac- 


Sun's femi- 


Dift. 


from 


Obfervations re- 




■ 


diflance. 


meter. 


meter. 


tion. 


diameter. 


folftice. 


duced to foUttce. 


*743 


• 


/ // 






" + 


/ 11 


/ 


«." 





/ // 


June 


7- 


Up. L, 28 37 39 


*9>54 


62 


30,2 


+ i£ 4 8 * 1 


43 


S»7 


28 


10 51,6 




8. 


Lo. L. 29 3 37 


29,36 


60 


30,8 


-i* 48 


37 


22,3 


28 


10 57>$ 




9- 


Up. L. 28 26 44,2 


29,46 


59f 


30 


+ ! 5 47*9 


32 


3^3 


28 


10 58,8 




12. 


Up.L. 28 13 14,5 


29,72 


6if 


29,9 


+ *5 47»6 


18 


3^6 


28 


11 0,4 




18. 


Up.L. 27 57 9 


29,81 


67 


2 9>4 


+ 15 47>3 


2 


30 


28 


10 $S>7 




19. 


Lo. L. 28 27 28,5 


2 9>54 


67$ 


29,8 


— 13' 47,2 


1 


16,1 


28 


10 $5 




21. 


Up.L. 27 54 41,8 


29,66 


66 


29,1 


+ 15 47» J 





2,8 


28 


10 55,2 




22. 


Lo. L. 28 26 22,2 


29,50 


63 


29,8 


-15 47 





3.4 


28 


11 1,6 




2 3- 


Up.L. 27 55 10,2 


2 9>59 


61 


29,5 


+ J 5 47 





28,6 


28 


10 58,1 




24* 


Lo. L. 28 2j 35,5 


29»59 


5* 


3°>4 


— is 46,9 


1 


18,8 


28 


n 0,2. 




2 5- 


Up.L. 27 57 15,5 


29,39 


58 


2 9>5 


+ 15 46,9 


2 


33,7 


28 


10 58,2. 




27. 


Lo. L. 2S 32 34 


*9>57 


5* 


39>5 


— 15 46,9 


6 


x 7>9 


28 


*<> 59,7 








28 


10 58,2: 






Sun's parallax . . . 


• • 


• • 




— 4,1 




28 


10 54,1 






Nutation . • . . 


#■ • 


» • 




+ 6,7 




2S. 


11 0,8 






Line of colli mat ion • . . 
Mean folftitial zenith diftance, 


•• • 
r 243> 




+ 2 




28 


11 2,8 



1746. 
May 31. 
June 5. 
6. 

7- 
10. 

16. 

19. 

2.'2. 

23. 
26. 

2 7* 
28. 

30. 

July 4. 



JLO. lu. 

Up. L. 

Up. L. 
-LiO. Ij. 
Up. L. 
Lo. L. 
Up. L. 
Lo. L. 
Up. L. 

Lo. Ju. 

Up.L. 
Lo. L. 

Up.L* 



29 57 
28 48 



2 9 
28 

28 

28 

28 

n 
2$ 

2J 
28 

2S 

28 

28 



13 

35 

S 2 
o 

2 7 

54 
26 

59 

33 

42 
28 



// 




s°>s 


29,48 


24,8 


29,62! 


36,3 


29,62 


58.9 


29,53.. 


1,8 


29,28 


14,4 


28,69 


5>* 


29,60 


45 


29>75 


47>4 


29,85 


23>4 


29,63 


6,6 


29,63 


11,8 


29,50 


5>9 


29,22 


1 6,6 


29,67 



78 

64 
6$ 

71 
6y 

S9i 

SH 

6ji 
64 

69 

74-f 
$5? 



+ 



6 



} 9 



n 

30, s 

3o.4 
30,8 

2 9»4 
29,8 

28,7 
30,3 

29*4 
3<M 

29 

29,2 

29^3 
30,2 

29,6 



11 



— 1; 48,8 
+ *S 48,3 

— 15 48,2 

+ 15 4 8 >* 

— *5 47* 8 
+ ! 5 47>3 

— J 5 47» 2 
+ l S 47 

— '5 4? 
+ 15 4 6 >9 

— 15 46,9 
+ 15 46,9 

— 15 46,9 
+ l S 4 6 >9 



* 3* 
53 
47 
4i 
2 5 

5 

o 

o 
o 

4 
6 

9 
*5 

33 



4*>9 

5° 
26,3 

2 4>3 
49,8 

34,6 

59>8 

8 

40,4 

45>9 
57>» 
32,9 

5**2 

40, 1 



Mean • • ....... 

Sun's parallax . 

Nutation . . ..*... 

Brror of the line of collimation . . 
Mean folflitial zenith diilance, 1746, 



28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 



to 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 



11 

?o»3 

53*5 
52,6 

£2, j 

54 

$$>* 

4?>4- 

53,4 
50,2 

53»4 
51,8 

55»i 
5 1 

53 



28 


to 52,5 

— 4>i 


28 


1.0 48,4 
+ 9>4 


28 


10 57;8 
+ 6,3 



28 II 4,1 
17 48, 



[ 
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1748. 

June 1$. 
16. 
20. 



diftance 



// 



Up. L. 28 r 21,1 

Lo. L. 28 30 4.1,3 

Up.L. 27 54 45,7 

Lo. L. 28 26 1 1,3 

5 

7 
27 56 £9,7 

40 29,3 



2r. 1 

22. jUp, L. 27 55 3,5 

23. iLo. L. 28 2j 18,7 

24. ;Up. L. 
29. jLo. L, 



28 



Baro- I 


Thermo- 


Refrac 


Sun's femi- 


mqtcr. 


meter. 


tion. 


diameter. 






"+ 


/ // 


2M 1 ! 


64 


*9>3 


+ l i 47»4 


29,55 


60 


3°>3 


— if 47>4 


129,86! 


631 


2 9>f 


+ i*.47» 2 


29,65-J- 


75 + 


29,2 


— *5 47>' 


29,67 


8i| 


28,2 


+ 15 47 


29,60! 


72 — 


2 9>3 


— 15 47 


29>55 + 


f>5 


29 


+ 15 46i9 


29,90 


64 


30,5 


— 13 46,9 



Dift. from 
folflice. 



// 



38,6 

3>>9 

5>7 

»>3 
21,4 

6,7 

16,7 

14 18,7 



6 

4 
o 

o 

o 

I 

2 



I76t7. 



;/ 



June 11. |Lo. L. 28 47 12 129,51 

12. Up.L. 28 11 38,3129,38 

17. JLo. L. 28 29 4?»9! 2 9? I 52 

21. ;Up. L. 27 54 57>4J 2 9>7 2 

22.. ILo. l. 2tf 26 39.6129,87} 

Lo. L. 28 27 19,2 29,95 i 



24. 

27. 

29. 



Up.L. 27 56 45,7 

Lo. L. 2B 29 41,7. 

Up* L. 28 2 18,5 

Lo. I* 28 29 30,6 



:9,8c 

~9>49 
29,40 

29,28 



Mean . . 
Sun's parallax 



Nutation 



Error of the line of coll imation . . 
Mean folflitial zenith diftance, 1748, 



62 
61 
66 
6SJ 

7°i 
i 51 

67 

66 



// 



3<M 
29,6 

2 9>4 
29 

2 9u 

2 9>5 

28,4 

29,2 
28,9 

2 9>7 



+ 

+ 



I 

Mean 
Sun's parallax 



/ // I 





*5 47i7 





15 47><> 




l 5 *7'3 




*S 47>* 




l S 47 




*5 47 




1^-46,9 




15 46,9 




15 46,9 




IS 46>9 





// 



20 


4 2 >3 


16 


47> I 


3 


20,2 





29 





11,9 





48,6 


1 


50,1 


3 


162 


7 


22,6 


13 


7 



Nutation 



Error of the line of coll imation . . 
Mean folflitial zenith diftance, 1 y66 9 



Obfervations re* 
duced to iblfticc. 



o 

28 
28 
28 
28 
28 
28 
28 
28 



IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 



II 

59> 2 
5 2 >3 
S 6 >7 
5 2 >* 
S7>3 
54->3 

5*9 

55^ 



28 


10 5^,8 
— 4,1 


28 


10 51,7 
+ 6,1 


28 


10 ^7,8 
+ 6 «3 



28 11 4 ,s 



® 


/ 


11 


28 


I I 


12,4 


28 


I I 


8,4 


28 


II 


9,8 


28 


I I 


>3i? 


2S 


I I 


10,4 


2$ 


II 


13** 


28 


I I 


10,9 


28 


I I 


7.3 


28 


II 


if,7 


28 


II 


6,4 


28 


II 


10,5 






- 4> r 


28 


II 


6,4 




+ 7> 6 



28 


1 1 


2,6 


2S 


11 


16,6 



743 



f JI 3 ] 



J ?»3 


• 





May 


I 2. 


31 




I / • 


■?i 




1 8. 


3* 


June 


5* 


3 l 




9- 


3 l 




i *% 


3i 




1 6. 


3* 




I b. 


3* 




25. 


3i 


July 


1 • 


Ji 



v*»A zemtfi : 


Rf.trac 1 


Aber- 


r Art^er-as. 


tio:i. 


ration. 


/ /> 


ft 


it 


6 57* 8 


34 


— i»9 


6 57,8 


*£ *3* 


— 0,8 


6 57,8 


34 


— 0,6 


6 5*>3 


34 


•~|~* 2 }Q 


^ 5°>3 


34 


+ 3*$ 


6 52 


34 


4*4 


6 57 


34 


+ $>3 


6 5^8 


34 


+ 5»5 


6 52 


j4 


-|- 6,7 


6 52 


34 


4- 7,8 



Nuta- 
tion, 



tt 

+ i»4 
r 1,4 

■f~ 1 ,4. 
U-. r 9 

,... I „ , T <> 
* * 

+ 1,2" 

.*"• I j 2 
-f* I >2 
— J— I , 2 
+ 1,2 



Prec.-'f- 
fion. 



tt 

~T" 2 * t 

14- T fl 

j ^^ 1 f o 

+ i»B 
J ,~ 0,9 



~T* 0,3 
+ 0,1 

0,2 

— 0,5 



Mean . 

Error of the line of coliimatioa 



Mean zenith diftance of Arc~luru% June 21, 1743, . . 
Mean zenith diihnce of the Sun's center, June 21, 1743, 

Mean diflance of Arclurus from the Sun's center, 1743, 



1746, 


© 


/ // 


tt 


June 4. 


31 


7 jiM 


^/*f* 


2 1* 


3 1 


7 £3>* 


34 


22* 


3 1 


7 50,2 


JT 


23. 


3i 


7 P>3 


34 


oa. 9 . 


3 1 


7 5*> 6 


34 



Mean 

Error of the line of collimation 



// 



11 J ■'' 2 , c 

—1— Q^ I 

-J*" 6,4 



/A 

S>9 

'5>9 
6,4 



it 

I J 1 

o 

o 
— 0,1 

— 5*7 



Mean zenith diflance of Arclurus, June 21, 1746, . . 
Mean zenith diflance of the Sun's center, June 21 > 1 746, 

Mean diflance of Arclurus from the Sun's center, 1746, 



Obfcrvabons 
reduced. 



3 1 

3 1 
31 
5 l 
3i 
3i 
31 
3i 
3* 



t tt 

7 33*4- 

7 34> 2 

7 3+»4 

7 3*>3 

7 30 

7 3i*^ 

7 37> 8 

7 35> 6 

7 33*7 



31 


7 34»£ 


31 


7 33> 6 


3 r 
28 


7 35»6 

II 2..0 



2 56 32,8 



tt 



31 


2 2,Q 


31 


8 27,3 


3* 


8 24,0 


3i 


8 27,7 


3 1 


2'jjA. 



3* 


8 


20^4 

6,3 


3* 

28 


8 


3 2 >7 
4,1 


2 


57 


20)6 



V uJLf t i_/AJLll« 



ct 



1766. 
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1766 


• 


May 


*3> 




21. 




22. 


June 


~'3- 



.iir. of Ar&urus 



Preccf- 




o / /' 

31 14 2 °»7 

31 14 2 3>* 
31 14 19, 
31 14 20, 

Mean 

Error of the line of coliimation 



Mean zenith diftance of Arelurus, June 21, 1766, . . 
Mean zenith diftance of the Sun's center, June 21, 1766, 

Mean diflance of Arelurus from the Sun's center, 1766, 



Obfervatlons 
reduced. 



ti 



31 14 48,1 
31 14 52,1 

31 14 48,6 

3i 14 S*>5 



31 H S°>$ 
+ 2,6 



31 14 52,9 
28 1 1 16,6 



3 3 3 6 >3 



From the foregoing obfervations, it appears that 
the mean folftitial zenith diftance in fummer was as 
follows. 

Variation in 100 years. 



// 



*743- 
1746. 

1748. 



28 11 
28 n 
28 11 



2,8 

4,1 
4,1 



1766. 28 ii 16,6 



// 



60 

62,5 

69,4 



And, by comparing the three former with the 
latter, the variation of the obliquity of the ecliptic in 
1 00 years is as is expreffed in the laft column of the 
table. 

By comparing the diftance of Ar&urus from the 
center of the Sun in 1743, with the fame diftance as 
obferved in 1766 (an allowance being made for the 
proper motion of the ftar during the interval, as alfo 
for its variation in declination arifing from the pre- 

ceflioa 

7 
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ceffion of the equinoxes), it appears that its diftance 
is 17", 3 lefs than it would have been, if thediftance 
of the Sun's center from the equator had remained 
unvaried. By that quantity, therefore, the obliquity 
of the ecliptic has altered in 23 years ; which is at 
the rate of 75^,2 in too years. 

By comparing, in like manner, the diftance in 
1746, the obliquity of the ecliptic has diminifhed 
1 5",6 in 20 years, or yS° in 100 years. 



o i u 1 o 1 n 

Diftance in 1743 . . , . • 2 56 32,8 
Motion of the ftar in decl. Southward 7 20, 8 



In 1746. 2 57 28,6 
6 23,3 



Computed diftance in 1766 ..33 £3,6 
Obferved diftance in 1766 • • . 3 3 36,3 



Variation of obliquity .... 17,3 



3 3 5 ! >9 
3 3 3M 

15,6 



The foregoing deduftions prove, 1 think, be- 
yond all doubt, that the obliquity has become lefs ; 
but as the interval of time between the two terms of 
companion is fo fhort, that the errors committed in 
obferving may bear a fenfible proportion to the fmali 
quantities juft now found, and which, perhaps, are 
fomewhat too large 3 let us have recourfe to Mr. 
Flamfteed's obfervations, and compare them with 
obfervations made by myfelf, in the courfe of the laft 
and prefent years. For this purpofe, I have reduced all 
the obfervations of the Sun, made in 1690, from 
May 26 to June 24, O. S. and alfo all the obferva- 
tions of Ardturus, made in the fame year, to their 
mean pofition at the fummer folftice of that year. 
The obfervations, together with my own made at 
Oxford, are as follows. 

Q^2 169O. 
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G'oferv 


ed zen. dift. 


Refrac- 


Sun's femi- 


Dift. 


from 
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1 11 


May 26. 


Lo. L. 


29 6 20 


3 l > 8 


15 46,4 





5° 


26 } i 


28 39,3 




Up. L. 


28 34 50 


31,1 


15 4 6 >4 








4 1 ?4 


June 2. 


l_iV/» Jul a 


28 3 1 3? 


3M 


15 45>7 





*5 


28,3. 


52,1 




Up.L. 


28 5 


3o>4 


'5 45>7 








^■2,8 


3- 


1jO« JLj# 


28 28 20 


3 1 


15 45> 6 





12 


8,6 


56.8 




Up, L. 


27 56 45 


3°>3 


15- 45,6 








5 1 * 1 


4> 


JL/O. jLi, 

Up.L, 


2 *> 25 i£ 
2 7 £3 55 


3°>9 
3°>3 


^ 4*5 





9 


10,9, 


49>:5 
28 59,9 


6. 


i-*0» J-j. 

Up.L. 


28 20 40 
27 49 i$ 


3°>8 
30,2 


^ 45>5 





4 


3°>i 


28 $$,2 
2% 1 0,6 


7- 


UpcL. 


27 47 10 

28 18 40 


3°>i 
3©>8 


^ 45>4 





2 


46,8 


28 38,7 
28 38,6 


10. 


Lo, L. 
Up.L. 


28 16 10 

27 44 40 


3°>7 
3°>* 


x 5 45.3 








5>5 


28 49,9 
2S 49,9 


12. 


Up. L. 

JLO. JL. 


27 44 50 

28 16 45 


30>i 
30*8 


1 5" 4*3 








22 


28 43,4 
28 1 8,5 


'3- 


l-<o. L» 
Up. L. 


28 17 17,5 
27 45 50 


30,8 
30,1 
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Obferved zenith 
dill, of Arfturus. 


Refrac 
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1690. 
Feb. 14. 
Apr. 13. 




30 
30 
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39 


11 

20 

20 


33,8 

33,8 


2 5> 


30 


39 


IO 




26. 
May 13* 


30 


39 


15 
10 




14* 






10 




i* 


30 


39 
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33>8 


20. 
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22. 






10 




24. 


30 


39 
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June 12. 
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16. 
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39 


10 
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July 1. 
Dec. 13. 


30 

30 


39 

39 


10 

34 
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14. 


30 


39 


40 
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Mean, January 1, 1690, O. S. 
Preceffion to June 11, 1690 . 
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Aber- 
ration. 



Precef- 




Mean zenith diftance of Ar&ur us, Juneti, 1690 . ♦ 
Mean folftitial zenith diflance of the Sun's center, \ 
June 11, 1690 J 

Mean diftance of Ar&urus in declination from the Sun's 
center, 1690 . . 
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30 



30 
30 

30 
3° 
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39 
39 
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34.4 
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Ther- 


Refrac- 
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diameter. 
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the Sun's upper 
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3°>9 


i$ 4 B 


36 0,4 


28 17 6,1 


14. 
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62 
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7>* 


25. 
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30,05 


6 9 
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26. 
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68 
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29. 
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Mean , 
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Error of the line of collimation 
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the Sun's center, 1771, 
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1772. 

June 8. 

9* 
11. 

12. 

14. 

15. 

16. 

18. 

19. 

20. 
21. 

22. 
23. 

26. 



Obferved zenith 


Baro- 


Ther- 


Refrac- 


Sun's femi- 


Dift. 
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diftance of the Sun't 
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tion. 
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folitice. 


reduced. 


limbs. 
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/ 


// 
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Lo. L. 29 4. 31,3 


30,18 


71 


3°>7 


— 15 48 


31 


S9>9 


28 17 14,1 


Up. L. 28 28 1 


3°>°5l 


6 7f 


3 * 1 


+ l S $7>9 


2 7 


5>4 


21 17 13,6 
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Mean folftitial zenith diftance of the Sun's center, 1772, 
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rue mean zenith diftance of Ar&urus, June 21, 1772 
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Mean diftance of Ar&urus in declination from the Sun's center, 
June 21, 1772 . ♦ 
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31 22 27,7 
33 

29,5 

23 
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3 l ><> 

32 
31 22 27 



31 


22 29,8 
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3* 


22 38,8 
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2Z 43 
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3 5 37>6 
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Mean diftance in June 1690 . . 
Preceffion, &c. to June 1772 . . 

Computed diftance in June 1772 . 
Obferved diftance in June 1772 . 

Diminution of obliquity in 82-^years 



2 40 12,8 
26 16,4 



3 6 *9> 2 
3 S 37»* 

«l»»wl i ||] l HHniH ii r|[ Tl l ll i inn ,.| 

51,6 
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From the foregoing obfervations it appears that, 
at the fummer folftice of the year 1 690, Ardurus 
was z° 4o / 12", 8 to the South of the Sun's center 
in declination : the motion of the ftar, in declination, 
from that time to the fummer folftice of the year 
1772, including its proper motion, is 26' i6 // ,4'. 
Arfturus, therefore, in 1772, fhould have been 
3 6' 29", 2 to the South of the Sun's center, if the 
angle of the ecliptic and equator had not varied: 
but that diftance was found by actual obfervation to 
be 5i",6 lefs. By fo much therefore muft the ob- 
liquity of the ecliptic have become lefs in an interval 
of 82 years; and, confequently, the Variation - in 
100 years will be 62^592, 

If the obfervations of Ardturus be reduced to the 
folftice of tyyif and the zenith diftance of the Sun's 
center, as obferved in that year, be made ufe of in 
the fame manner, the variation of the obliquity in 
81 years will be found = 48 7/ ,8, and in 100 years 
= 60". 

If the quantity of the arc. of Mr. Flamfteed's in- 
ftrument were accurately known, the obfervations 
which he made at the winter folftice in 1690 might 
be compared with later obfervations, in order to de- 
termine both the quantity of the obliquity in i6$o> 
and alfo the variation fince his time. Accordingly, 
I have endeavoured to determine the error of the arc 
of the inftrument between 28 and jf of zenith 
diftance, and proceeded in the following manner. 
I computed feveral obfervations of the ftars £ Tauri, 
7j Pleiadum, y and p Geminorum, and <p, <r, and 
Sagittarii, as obferved by Mr. Flamfteed, in the 
years 1690, 1601, and 1692, and reducing them 

Vol. LXIIL R to 
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to the years 1760 and 1766, I compared the dif- 
ferences of declination between thofe ftars, refulting 
from Mv. Flamfteed's obfervations, with the dif- 
ferences given by the places of the fame ftars, as 
fettled by Dr. Bradley in 1 ;6o, and alfo by actual 
obfervations of the fame ftars made at Shirburn- 
Caftlc in 1766; and, by combining thefe differences 
together, 1 found that the whole arc of 00 degrees 
was too fhort by 43". Suppofing the error to be uni- 
form, the proportional part of this quantity, thus 
found for the folftitial zenith diftance of the Sun in 
June = 1 3">4, is nearly confirmed upon the autho- 
rity of Mr. Flamfteed himfelf, who, in the prole- 
gomena to the third volume of the Hiftoria Coeleftis, 
where he is deducing the latitude of the Royal Ob- 
fervatory af Greenwich, and the quantity of the obli- 
quity in 1690, from his own obfervations, allows 
the zenith diftances at 28 , 3 6°, and 40°, on his in- 
ftrument, to be too fmall by 15' and by 20", 
at 75 . 

I have therefore computed the obfervations of the 
Sun, made from November 30 to December 20 
of 1690, which, reduced to the folftice, are as in 
the following table ; to which are fubjoined the ob- 
fervations made by myfelf at Oxford, at the winter 
iolftice of 1771. 



1690. 



1690. 
Nov. 30. 



Dec, 
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diftance of the Sun's 

limbs. 



Obfervations 
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Mean 

Error of the line of collimation 



74 S^ 2 S>9 

- 1 10 



Sun's parallax 
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Mean folftitial zenith diftance of the Sun's center, Dec* 1690, 



74 57 *S>9 

- 8,5 

74 57 7>4 

— 9» 6 

74 56 57,8 
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meter. 



74 ll 
74 3* 
74 4 6 
74 5 1 
74 5* 
74 5° 
74 4 6 
74 3^ 



i.7 
*S>4 
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48,5 


29,23 
29,07 
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Mean . . 
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44l 
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45t 
42 
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4i| 
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Refrac- 
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3 
3 
3 
3 
3 
3 
3 
3 
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25,2 
22,7 
29,6 
29,6 

3 1 , 2 
26,6 

34, x 
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/ 

16 



// 



18 

16 18,5 

16 18,7 

16 19 

16 19,1 

l6 T9,2 

l6 19,2 

l6 19,3 
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42 


26,3 


21 


3>4 


7 
I- 


26,1 
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3* 
5 6 >9 
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*3>4 


*7 


9»3 



// 



75 



75 13- 



13 I2 »2 

*7>7 
21,8 

17,2 

I3>4 
16,7 

17,7 
21,8 



75 i3 17»3 

- 8,5 



Nutation 



Error of the line of collimation 



Mean folflitial zenith diftance of the Sun's center, December 1771, 



The mean obliquity of the ecliptic refulting from 
the zenith diftances, as obferved at the two folftices 
in 1690, by applying the known latitude of the 
place, will be found to be widely different, if no 
correction be applied for the error of the inftru- 
ment. 



75 


*3 
+ 


8,8 
7,9 


75 


13 
+ 


16,7 
4.8 


75 


13 


21,5 
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June, zenith diftance —27 59 29,6 
Latitude of Greenwich 51 2% 38 



// 



Dec. zen. dift. 



74 56 57S 
51 28 38 



i« <m- 



23 29 8,4 



23 28 19,8 



But if the obfervations be corre&ed by the error 
of the inftrument, the two refults will be found to 
agree together as nearly as can be expe&ed . 



27 
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27 59 29,6 

+ *3>4 



•*7 59 43 
51 28 38 
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74 5 6 57> 8 
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»————-— ■ ■ » ' ■ 1 1 1 « 

74 57 33> 6 
— 5 1 * 8 3 8 

Obliquity 23 28 55 23 28 55,6 

Or, if the obliquity be required independent of a 
knowledge of the latitude of the place, it will be 
found to be = 23 zW 53 ",3. 

December ♦ . * * . . 74 57 33,6 
J une ~ 2 7 59 43 



Difference 46 $y 50,6 

Mean obliquity 1690,. f DifF. 23 28 $$ y 3 

By commparing the obfervations at the fummer 
folftices of 1 77 1 and 1772 with thofe at the winter 
folftice of 1771, it appears that the mean obli- 
quity was about the beginning of the year 1772 
= 23 28' 9^,4 and 23 28' 8". I fuppofe there- 
fore the mean obliquity to be 23 28' 8" at the 
beginning of the prefent yearj and confequently, 
the obliquity has diminished, by my obfervations, 
47" in 81 years, fince Mr, Flamftced's time, or at 
the rate of 58" in 100 years, a quantity which will 
be found nearly at a mean of the computations 
framed by Mr. Euler and Mr. de la Lande, upon 
the principles of attract ion . 

Oxford, Dec, 23, 1 7 72. 

V * New 



